Abstract. Postpartum uterine infections affect ovarian function and delay ovulation in cattle. As dietary fats can affect immune cell function, we investigated the influence of prepartum diets on postpartum uterine inflammatory status (UIS) as assessed 25 AE 1 days postpartum by endometrial cytology (normal: #8% polymorphonuclear cells (PMN) vs subclinical endometritis (SCE): .8% PMN) and associations between SCE, pro-and anti-inflammatory cytokine gene expression and ovarian function. During the last 5 weeks of gestation, dairy cows received a diet supplemented with 8% rolled sunflower (n ¼ 10) or canola seed (n ¼ 9) or no oilseed (n ¼ 9). Ovaries were scanned until 35 days postpartum. Prepartum diets did not influence SCE, but a preovulatory-size follicle developed sooner (P # 0.05), the interval to first ovulation was shorter and the proportion of cows ovulating within 35 days postpartum was greater in the sunflower seed group. Although mRNA expression of cytokines was not affected by diet, cows with SCE had higher (P # 0.05) expression of interleukin-1b (IL1B), interleukin-8 (CXCL8), IL10 and tumour necrosis factor-a (TNF) than normal cows. The interval (mean AE s.e.m.) from calving to preovulatory-size follicle was shorter (P # 0.05) in normal (13.2 AE 0.9 days) than SCE cows (18.7 AE 1.4 days). In summary, a prepartum diet supplemented with sunflower seed positively influenced postpartum ovarian function without affecting UIS or pro-and anti-inflammatory cytokine gene expression in endometrial cells.
Introduction
Delayed resumption of ovarian cyclicity in postpartum dairy cows contributes to significant economic losses (Opsomer et al. 2000) . Uterine infections during the postpartum period affect ovarian follicular development and function and eventually delay ovulation in cattle (Dourey et al. 2011; Ambrose 2015) . Inflammatory responses induced by bacteria during the early postpartum period cause perturbation of hypothalamic, pituitary and ovarian function, which, in turn, may contribute to impaired fertility of cows affected with uterine infection ). The first response of the innate immune system is the invasion of polymorphonuclear (PMN) cells to the site of bacterial infection, i.e. the endometrium in the case of metritis and endometritis. The presence of PMN is used to diagnose subclinical endometritis (SCE; Kasimanickam et al. 2004; Gilbert et al. 2005) , which is defined as an inflammation of the endometrium in clinically healthy cows, i.e. cows with no cervical or vulvar discharge. Dourey et al. (2011) found that cows with .8% PMN, when endometrial cytology was performed 25 days postpartum, had a longer interval from calving to first ovulation (45 vs 32 days) and tended to have fewer cumulative pregnancies by 270 days after calving (58 vs 80%) compared with those cows with #8% PMN.
Both the level of fat and the types of fatty acids present in the diet can affect immune cell functions. The fatty-acid composition of lymphocytes and other immune cells is altered according to dietary fatty-acid composition, which, in turn, alters their function. Schroit and Gallily (1979) demonstrated that macrophage phagocytic activity was enhanced when the cells were cultured with polyunsaturated fatty acids (linoleic, a-linolenic and arachidonic acids). Furthermore, significant decreases in phagocytic activity were observed in macrophages grown in the presence monounsaturated fatty acids (oleic and elaidic acids; Schroit and Gallily 1979) . However, feeding a diet supplemented with rolled canola (high in oleic acid), linola (high in linoleic acid) or flax seed (high in a-linolenic acid) to dairy cows for up to 5 weeks in the immediate prepartum period did not affect postpartum uterine infection, but cows fed canola seed had delayed resumption of ovarian cyclicity (Colazo et al. 2009 ). Silvestre et al. (2011) studied the effects of different types of fatty acids on postpartum immune function in dairy cows and found that feeding a diet enriched in linoleic acid during the transition period induced a pro-inflammatory state during the first week postpartum as illustrated by increased neutrophil expression of adhesion molecules, production of cytokines (tumour necrosis factor-a (TNF) and interleukin-1b (IL1B)), enhanced bactericidal activity and increased circulating acute-phase proteins. In addition, higher expression of pro-inflammatory cytokines (TNF and IL1B) in the endometrium during the first week after calving improved the activation of inflammation and clearance of bacteria, leading to reduction in the incidence of SCE, defined as cows with .10% PMN, at 5 weeks after parturition (Galvão et al. 2011) .
In the present study, we hypothesised that feeding a diet supplemented with sunflower seed (high in linoleic acid) during the prepartum period would induce a pro-inflammatory state in the endometrium of cows during the early postpartum period, resulting in improved uterine health and positive effects on ovarian function. Canola (high in oleic acid), the main oilseed produced in Canada (Canadian Grain Commission Government of Canada 2014), was chosen for comparison because it is commonly included in dairy cow rations yet little is known about its effects on ovarian function in dairy cattle.
The specific objectives were to: (1) determine the effect of prepartum diets supplemented with rolled sunflower or canola seed on early postpartum uterine inflammatory status (UIS), pro-and anti-inflammatory cytokine gene expression and ovarian function and (2) further investigate the associations between UIS, pro-and anti-inflammatory cytokine gene expression and ovarian function in dairy cows.
Materials and methods
Twenty-eight non-lactating pregnant Holstein cows, parity 1 to 5 (12 primiparous, 16 multiparous), were used in the study. Approximately 35 days before the expected calving date (Week 5), cows were blocked by body condition score (BCS), parity and expected calving date and assigned to one of three dietary treatments containing oilseeds (either sunflower (high in linoleic acid, n ¼ 10) or canola (high in oleic acid, n ¼ 9)) or no oilseed (control, n ¼ 9). Diets were offered ad libitum as a total mixed ration containing forage (alfalfa hay and barley silage) and concentrates (Table 1) . Cows were fed a diet supplemented with 8% rolled oilseeds on dry-matter basis. Oilseeds were rolled as described previously (Ambrose et al. 2006 ) before incorporation in the diet. Upon calving, cows were placed on a common ration containing alfalfa hay, barley silage and concentrate balanced for a lactating dairy cow of 690 kg bodyweight (BW), producing 45 kg milk per day, according to National Research Council Committee on Animal Nutrition (2001) 
Ultrasonography and endometrial cytology
Ovarian follicular development was monitored by transrectal ultrasonography with a real-time, B-mode scanner (Micro-MAXX, colour Doppler scanner equipped with a multifrequency 5 to 10 MHz linear transducer; SonoSite Inc., Bothell, WA, USA). Ovaries were examined twice weekly from 7 AE 1 days after calving until ovulation or 35 days after calving, whichever occurred first. We recorded the intervals from calving to first appearance of a 10-mm follicle (referred to as dominant follicle in this paper) and that of a 16-mm follicle, the mean diameter of an ovulatory follicle in dairy cows (Colazo et al. 2015) , which is referred to as a preovulatory-size follicle in this paper. Ovulation was confirmed by the absence of a large ($10 mm diameter) follicle that had been detected at the previous examination and by subsequent corpus luteum formation (Pierson and Ginther 1984) .
On Day 25 AE 1 postpartum two successive cytological samples were obtained from the uterine body of all cows using a cytobrush (Medscand Medical, Malmö, Sweden) modified for use in large animals as described by Kasimanickam et al. (2005) . Endometrial cytological samples were collected by rotating the cytobrush approximately one-half turn to obtain cellular material while maintaining gentle contact with the wall of the uterine body. Upon completion of the sampling, the cytobrush was withdrawn into its protective sheath and the instrument removed from the uterus. One sample was used to prepare endometrial cytological smears by rolling the cytobrush on each of two clean glass slides and then fixing with a cytofixative alcohol spray Salehi et al. (2015) with minor changes.
(Fisher Scientific Co., Pittsburgh, PA, USA). The slides were then brought to the laboratory and stained with modified Giemsa stain (Ricca Chemical Co., Arlington, VA, USA) for 2 min, washed in distilled water, dried and stored until evaluation under 400Â magnification. Cells (300-400) were counted for each cow (two slides) to calculate PMN%. Cows with .8% PMN in the cytological sample were defined as SCE and those with #8% PMN were defined as normal. Immediately after collection, the second endometrial cytological sample was placed in a 2-mL tube containing 1.5 mL RNA Later, kept at 48C for 24 h and then stored at À308C until RNA extraction. After a voluntary waiting period of 75 AE 3 days postpartum, ovulation was synchronised with a Presynch/Ovsynch protocol for timed artificial insemination (TAI; Moreira et al. 2001 ) in all cows. Pregnancy diagnosis was performed by transrectal ultrasonography 32 days after TAI.
RNA extraction
Total RNA was extracted from endometrial cells with Trizol reagent (Life Technologies, Burlington, ON, Canada) according to the manufacturer's instructions. Briefly, after adding 1 mL Trizol, samples were homogenised and kept in Trizol at À208C overnight. Thereafter, samples were incubated at 258C for 20 min and then centrifuged (12 000g for 10 min at 48C). The supernatant was transferred to a new tube and 200 mL chloroform was added, vortexed and incubated at 258C for 2 min followed by centrifugation at 12 000g for 15 min at 48C. The clear phase was then transferred to a fresh tube and RNA was precipitated by mixing with 550 mL isopropyl alcohol, incubated at 258C for 15 min and centrifuged (12 000g for 10 min at 48C). After centrifugation, supernatant was discarded and the pellet washed with 75% ethanol and centrifuged at 7700g for 3 min at 48C. The final RNA pellet was dried for 10 min at room temperature and then dissolved in 100 mL of RNase-free water by repetitive gentle pipetting. The RNA yield and purity was measured with a spectrophotometer (ND-1000; Nanodrop Technologies, Wilmington, DE, USA). The quality of RNA was determined by automated electrophoresis (2200 TapeStation; Agilent Technologies Canada Inc., Mississauga, ON, Canada).
Complementary DNA synthesis and real-time polymerase chain reaction RNA was treated with DNase (QIAGEN, Toronto, ON, Canada) and then cDNA was generated by MultiScribe reverse transcription (RT; Life Technologies) and random primers (Life Technologies) adding 4 mL 10Â RT buffer, 1.6 mL 25Â dNTP mix, 4 mL 10Â RT random primer, 2 mL MultiScribe reverse transcriptase, 2 mL RNase inhibitor and 6.4 mL nuclease-free water to 20 mL of RNA diluted with nuclease-free water, containing 1 mg total RNA. Polymerase chain reaction (PCR) incubation was performed based on the following program: 258C for 10 min, 378C for 120 min, 858C for 5 min and then kept at 48C. Real-time PCR was performed as described previously (Laarman et al. 2012; Schlau et al. 2012) with Taqman Fast Universal Master Mix (Life Technologies) in a StepOnePlus Real-Time PCR System (Life Technologies). Primers and probes were designed (Table 2 ) using Primer Express Version 3.0 (Life Technologies) and analysed by BLAST (http://blast. ncbi.nlm.nih.gov/Blast.cgi, verified 2 December 2015) to verify primer specificity. Primer efficiency was determined using the standard-curve method (with at least five serial dilutions) in a pool of all samples. The mRNA abundance of target genes was normalised using the geometric mean of three reference genes (glyceraldehyde-3-phosphate dehydrogenase (GAPDH), b-actin (ACTB) and succinate dehydrogenase complex, subunit A (SDHA)) as described previously (Vandesompele et al. 2002; Laarman et al. 2012; Schlau et al. 2012) .
In the present study, mRNA expression of interleukin-1b (IL1B), IL6, interleukin-8 (CXCL8), tumour necrosis factor-a (TNF) and interferon-g (IFNG) were evaluated as proinflammatory cytokines and IL10 as an anti-inflammatory cytokine. Additionally, the ratio of pro-inflammatory cytokines to IL10 (anti-inflammatory) was evaluated to consider inflammatory balance.
Statistical analyses
The abundance of mRNA expression, intervals (in days) from calving to the development of 10-mm (dominant) and 16-mm (preovulatory-size) follicles were analysed using the MIXED procedure of SAS (Version 9.3, 2011; SAS Institute Inc., Cary, NC, USA). The final statistical model included prepartum dietary treatment, UIS (normal (#8% PMN) or SCE (.8% PMN)) and parity as the main effects and prepartum dietary treatment by UIS as interaction. We also defined animal as random effect. The interval to ovulation was evaluated with Kaplan-Meier survival analysis (LIFETEST procedure of SAS). Separate models were used including either dietary treatment or UIS, time (days) and ovulatory status (with the value 0 indicating censoring) to test for effects of diet and UIS. All data are reported as mean AE s.e.m.; probabilities ,0.05 were considered to be significant, whereas P . 0.05 but , 0.10 were considered to be trends.
The proportion of normal cows (#8% PMN) or those with SCE (.8% PMN) that ovulated or failed to ovulate within 35 days after calving and that conceived or failed to conceive were analysed using the GENMOD procedure of SAS. The final statistical model included prepartum dietary treatment or UIS as the main effect to evaluate prepartum dietary treatment or UIS effects, respectively. Moreover, model specifications included a binomial distribution and logit link function. Pearson's test was used to calculate the correlation between the mRNA expression of cytokines and the percentage of PMN. Adjusted R 2 analysis was used to select the effective factors among pro-and antiinflammatory cytokines and PMN percentage (as independent variables) on interval from calving to formation of dominant follicle, preovulatory-size follicle or first ovulation (as dependent variables). Thereafter, multiple regression analysis was used to define a regression model to determine the importance and biological type effect of each selected independent variable on dependent variables.
Y ijklm ¼ dependent variable (interval from calving to formation of dominant follicle, preovulatory-size follicle or first ovulation). CXCL8, IL10, IFNG and TNF and PMN percentage) .
The biological effect of each independent variable was defined as positive (þ) or negative (-) based on whether it decreased or increased, respectively, the interval from calving to formation of a dominant or a preovulatory-size follicle or ovulation. Moreover, the intervals from calving to the formation of dominant and preovulatory-size follicles were defined as dependent variables for the interval to a preovulatory-size follicle and first ovulation, respectively.
Results

Influence of prepartum diet on uterine inflammatory status and ovarian follicle dynamics
The duration of prepartum diets did not differ (P ¼ 0.45) among the three treatment groups (sunflower, 37.3 AE 1.6; canola, 34.5 AE 1.6; control, 35.3 AE 1.6 days). Based on endometrial cytology, prepartum dietary treatments did not affect the proportion of cows with SCE (Table 3) . Likewise, prepartum diets did not affect the interval from calving to the development of a dominant follicle. However, the mean intervals from calving to formation of a preovulatory-size follicle (Table 3) and ovulation ( Fig. 1) were significantly shorter in cows fed a diet supplemented with sunflower seed than in those fed canola seed or control diets. Consequently, the proportion of cows ovulating by 35 days after calving was higher in cows fed a diet supplemented with sunflower seed than those fed canola or control diets (Table 3) .
The mRNA expression of IL1B, IL6, CXCL8, IL10, TNF and IFNG was not affected either by prepartum dietary treatment (Fig. 2) or by the interaction between prepartum dietary treatment and uterine inflammatory status (data not shown). Moreover, the ratio of pro-inflammatory cytokines to IL10 (anti-inflammatory) was evaluated to consider inflammatory balance. Our results indicated that cows fed a prepartum diet supplemented with sunflower seed had a higher TNF : IL10 ratio than those fed canola seed or control. However, the mRNA expression ratios of IL1B, IL6, CXCL8 and IFNG to IL10 were not influenced by prepartum diet (Table 4) .
Influence of uterine inflammatory status based on PMN cells
Uterine inflammatory status (based on percentage of PMN cells) was significantly associated with mRNA expression of cytokines (Fig. 3 ) and the interval from calving to establishment of a preovulatory-size follicle, but it did not affect the intervals from calving to formation of a dominant follicle and to first ovulation (Table 5 ). Cows with SCE had higher mRNA expression of IL1B, CXCL8, IL10, TNF and IFNG than normal cows; however, the mRNA expression of IL6 was not affected by uterine inflammatory status (Fig. 3) . The ratio of proinflammatory cytokines to IL10 mRNA expression was also affected by uterine inflammatory status, with the ratio of IL1B and CXCL8 to IL10 being significantly higher in cows with SCE than in those considered to be normal (Table 6 ).
The IL6 : IL10 ratio also tended (P ¼ 0.09) to be higher in cows with SCE (Table 6 ).
Correlation and multiple regression analysis
Correlations between the mRNA expression of cytokines and PMN percentage are presented in Table 7 . The mRNA expression of IL1B, CXCL8, IL10 and TNF were correlated with each other. Moreover, CXCL8 and IL10 were correlated with the proportion of PMN, with the strongest correlation evident between PMN and CXCL8. TNF and IL1B mRNA The effect of prepartum dietary treatments on interval to first ovulation. Prepartum feeding diets supplemented with sunflower seed reduced the interval from calving to first ovulation (n ¼ 10 cows; 21.20 AE 2.50 days) compared with those fed canola seed (n ¼ 9 cows; 29.00 AE 3.22 days) or control diet (n ¼ 9 cows; 30.40 AE 4.24 days). (Colazo et al. 2015) . expression also tended (P ¼ 0.06) to be correlated with the proportion of PMN. In contrast, IL6 and IFNG mRNA expression had no correlation with other cytokines or PMN percentage.
Multiple regression analysis indicated the importance and biological effect of each independent variable (selected proand anti-inflammatory cytokines and PMN percentage) on the dependent variables, i.e. intervals from calving to the formation of dominant or preovulatory-size follicles or first ovulation (Table 8 ). The regression model (e.g. interval to a dominant follicle ¼ 9.53 À 6.65 IL1B þ 5.80 IL10 À 1.72 IFNG) contains dependent variable (interval to a dominant follicle), intercept (9.53), independent variables (IL1B, IL10 and IFNG) and slopes (À6.65, þ5.80 and À1.72 for IL1B, IL10 and IFNG, respectively). The slope indicates by how much the dependent variable (e.g. interval to a dominant follicle) changes per unit change in the independent variables (IL1B, IL10 and IFNG). We defined the biological effect (positive þ or negative À) of each independent variable based on its slope sign. The independent variable has either a positive or negative biological effect based on whether it decreased or increased, respectively, the interval from calving to formation of dominant or preovulatory-size follicles or first ovulation. For example, the IL1B slope in the regression model for the interval to a dominant follicle was À6.65. The negative slope sign means that an increased expression of IL1B was associated with a reduction in the interval from calving to establishment of a dominant follicle; therefore, IL1B exerted a positive biological effect. The interval to the formation of a dominant follicle was associated with the mRNA expression of IL1B, IL10 and INFG; however, these factors collectively explained only 27% of the variation. The interval from calving to formation of a preovulatory-size follicle (interval to a preovulatory-size follicle ¼ À0.60 þ 9.98 IL1B À 3.20 CXCL8 À 7.18 IL10 þ 4.50 IFNG þ 0.12 PMN þ 1.51 interval to a dominant follicle) was determined by IL1B, CXCL8, IL10, IFNG expression, PMN percentage and the interval to formation of dominant follicles. These factors explained 67% of variation. Furthermore, the predicted slope of IL1B and IL10 indicated that they are the most significant factors with negative and positive biological effects, respectively (Table 8 ). The least-associated factors were PMN and interval to a dominant follicle. The interval from calving to first ovulation (interval to ovulation ¼ 9.16 À 12.61 CXCL8 þ 10.37 IL10 þ 1.00 interval to a preovulatory-size follicle) was mainly influenced by CXCL8 and IL10, with positive and negative biological effects, respectively, explaining 52% of variation. Out of these three factors, the interval to formation of Cows were assigned to one of three dietary treatments containing oilseeds (either sunflower (high in linoleic acid, n ¼ 10) or canola (high in oleic acid, n ¼ 9)) or no oilseed (control, n ¼ 9) ,35 days before the expected calving date. a preovulatory-size follicle was the least-influential factor to determining interval to ovulation.
Discussion
Influence of prepartum diet on uterine inflammatory status and ovarian follicle dynamics
In the present study, the supplementation of sunflower seed prepartum did not affect the percentage of PMN in the uterus on Day 25 postpartum. Our results agree with those of Amaral (2008) who found that the concentrations of live white blood cells, dead white blood cells and cell viability in the uterine flushing at 37 AE 3 days postpartum did not differ among cows fed different fatty acid diets. Moreover, neutrophil concentration in uterine flushing, neutrophils as a proportion of total cells or as a proportion of white blood cells also did not differ. In that study (Amaral 2008) , Holstein cows were fed a diet supplemented with calcium salts of safflower oil (high in linoleic acid), a mix of palm oil (high in saturated fatty acids) and fish oil (high in eicosapentaenoic and docosahexaenoic acids) or a control diet (no added fat) from 34 days before until 49 days after calving. Prepartum dietary treatments per se did not have a significant effect on the mRNA expression of IL1B, IL6, CXCL8, IL10, TNF or INFG. A previous study (Renner et al. 2013) showed that B Mean (AE s.e.m.) interval from calving to first appearance of a 16-mm follicle, which is the mean diameter of an ovulatory follicle in dairy cows (Colazo et al. 2015) . adding linoleic acid to peripheral blood mononuclear cells did not alter concanavalin A-induced mRNA expression of IL4, IL10, IFNG and TNF. Amaral (2008) evaluated the production of concanavalin A-induced TNF-a and IFN-g production by lymphocytes isolated at 10, 20 and 30 days postpartum from the blood of Holstein cows fed a control diet (no fat supplemented), diet supplemented with calcium salts of safflower oil or a mix of palm oil and fish oil from 34 days before to 49 days after calving and found that lymphocytes from cows fed supplemental fats had reduced secretion of TNF-a and IFN-g compared with cows fed the control diet. Conversely, when the influence of fat supplementation (both oilseed diets combined) was compared against control (no oilseed diet) neither uterine inflammatory status nor the expression of IL1B, IL6, CXCL8, IL10, TNF or IFNG was affected in our study (data not shown). However, cows fed a diet supplemented with sunflower seed had a higher TNF : IL10 ratio than those fed canola or control, which is an indicator of greater inflammatory status in sunflower-fed cows postpartum. Silvestre et al. (2011) found that lipopolysaccharide (LPS)-induced TNF-a and IL-1b production increased in the culture medium of neutrophils collected at 35 days after calving from cows fed a diet supplemented with calcium salt of safflower oil compared with those fed palm oil. Discrepancies among experiments could be due to differences in the amount and source of fatty acids in the diets, physiological state of the animals and experimental model (in vitro vs in vivo).
In the present study, cows fed a prepartum diet supplemented with sunflower seed had a shorter interval to formation of a preovulatory-size follicle and first ovulation than those fed the control diet or canola seed. Also, a higher proportion of cows fed the sunflower seed-based diet ovulated within 35 days postpartum relative to cows fed control or canola diets during the prepartum period. Our results are in agreement with those of Colazo et al. (2009) , who found that cows fed diets supplemented with linola (high in linoleic acid, comparable to sunflower seed) or flax seed (high in a-linolenic acid) had a shorter interval from calving to first ovulation than those fed a diet supplemented with canola seed. However, prepartum dietary treatment did not affect the diameter of the largest follicle at 7 days postpartum (Colazo et al. 2009 ). Additionally, our previous study (Salehi et al. 2015) with similar experimental design indicated that prepartum dietary treatment did not affect prepartum energy balance, but cows fed the control diet entered a deeper state of negative energy balance during the second week postpartum Indicates the interval (days) from calving to first appearance of a dominant (10-mm) follicle.
C
Indicates the interval (days) from calving to first appearance of a preovulatory-size (16-mm) follicle, which is the mean diameter of an ovulatory follicle in dairy cows (Colazo et al. 2015) .
D
The -and þ signs in parentheses indicate biologically negative (-) and positive (þ) effects, respectively. The biological effect (positive þ or negative -) of each independent variable was determined based on its slope sign. The magnitude of the influence is indicated by the number of -or þ signs within parentheses. than those fed diets supplemented with canola or sunflower seed. Moreover, Bilby et al. (2006) found that different types of fatty acids had different effects on follicular development. Cows fed polyunsaturated fatty acid (18 : 2 or 18 : 3)-enriched diets had a larger preovulatory follicle at insemination compared with those fed monounsaturated fatty acid (18 : 1 cis or trans) diets. Therefore, feeding a diet supplemented with sunflower seed naturally enriched in linoleic acid, a polyunsaturated fatty acid, may improve energy balance during the early postpartum period with more favourable ovarian effects for supporting the early resumption of cyclicity.
Influence of uterine inflammatory status on endometrial cytokine gene expression and ovarian follicle dynamics
There is considerable debate regarding the percentage of PMN that should be used as a threshold (Kasimanickam et al. 2004; Barlund et al. 2008; Fischer et al. 2010) for diagnosing SCE. Different researchers have used different thresholds of 5, 8 and 18% (Kasimanickam et al. 2004; Barlund et al. 2008; Fischer et al. 2010) . In the present study, the 8% threshold was selected based on a previous report (Dourey et al. 2011 ) from our laboratory that indicated that cows with .8% PMN had significantly longer intervals from calving to first ovulation and conception and reduced first-service conception rate. Based on the 8% PMN threshold, our results indicated that there were 11 cows with SCE and 17 normal cows. However, lowering the PMN threshold to 5% resulted in 14 cows in each category. Based on a higher threshold of 18% PMN, we had 9 SCE and 19 normal cows. However, changing PMN threshold from 8% to 5% or 18% did not alter gene expression results. Therefore, the use of an 8% PMN threshold at Day 25 postpartum was considered appropriate for SCE diagnosis. Our findings that the mRNA expression of IL1B, CXCL8, TNF and IFNG (P ¼ 0.08) was higher in the endometrium of cows with SCE than in normal cows is in agreement with the results from other studies that have used different (5 and 18%) PMN thresholds (Fischer et al. 2010; Ghasemi et al. 2012) . Kasimanickam et al. (2013) found greater IL-6 serum concentration in cows with SCE (.18% PMN in endometrial cytology at 28-35 days postpartum), but serum concentrations of cytokines were not measured in the present study. Although mRNA expression of IL6 was detected in the bovine endometrium its expression was not associated with uterine health status, in agreement with the findings of Fischer et al. (2010) and Kasimanickam et al. (2014) . Interleukin-6 is an important pro-inflammatory cytokine, involved in several aspects of inflammation such as induction of fever, increase in vascular permeability and induction of acute-phase proteins by the liver (Van Snick 1990) . Interleukin-6 is also produced by fibroblasts, endothelial cells, keratinocytes, mast cells, monocytes/ macrophages, tumour cell lines (Van Snick 1990) and, interestingly, by adipocytes, with adipose tissue contributing up to 35% of circulating IL-6 (Mohamed-Ali et al. 1997) . Therefore, IL6 expression in endometrial cells of cows that develop endometritis might be influenced by differences in body condition and might not be an indicator of SCE.
Correlation analyses in the present study support the concept that pro-inflammatory cytokines have a role in PMN recruitment and infiltration of the endometrium after infection, as previously reported by Fischer et al. (2010) . The highest association observed was between CXCL8 and PMN percentage, which is in agreement with previous reports (Fischer et al. 2010; Ghasemi et al. 2012) . Zerbe et al. (2003) reported that an infusion of human recombinant IL-8 into the uterus of mares and cows resulted in PMN recruitment, whereas anti-IL-8 treatment prevented PMN-dependent tissue damage and PMN infiltration. Together, these results suggest that PMN are chemo-attracted by substances secreted by epithelial cells and the latter substances may be acting together directing PMN to the site of inflammation (Hoch et al. 1996) .
The control of pro-inflammatory responses to avoid excessive immune activation by bacteria, including the effects of IL-1B, is dependent on anti-inflammatory mediators such as IL-10 (Herath et al. 2009 ). There was higher mRNA expression of IL10 in cows with SCE than normal cows. Moreover, the IL1B or CXCL8 to IL10 ratios was also higher in cows with SCE. Herath et al. (2009) compared the ratio of IL1A or B to IL10 in fertile versus non-fertile cows during the first, third, fifth and seventh weeks postpartum and found that the IL1A or B to IL10 ratio was higher in non-fertile than fertile cows during the first week postpartum. Therefore, they suggested that IL10 has a role in limiting the pro-inflammatory response in the endometrium and improving postpartum cattle fertility.
In the present study, we found that uterine health status did not affect the interval from calving to formation of a dominant follicle. From antral to 8-mm diameter, follicles are FSH dependent (Xu et al. 1995) and previous reports found that cows with higher uterine contamination (Sheldon et al. 2002; Williams et al. 2007) or those given intrauterine infusion of LPS (Williams et al. 2008) did not disrupt FSH secretion. In support of the previous findings, we found that the interval to formation of dominant follicles was associated with mRNA expression of IL1B, IL10 and INFG; however, these factors only explained 27% of the variation. Based on these results, we infer that follicle development until 10 mm size could occur independent of uterine inflammation.
In follicles greater than 8 mm in diameter, granulosa cells express LH receptors and they would require pulsatile LH stimulation to continue to grow (Xu et al. 1995) . Cows with SCE had a longer mean interval from calving to the formation of a preovulatory-size follicle than normal cows, suggesting that SCE might affect LH pulsatility. This finding is in agreement with previous studies (Sheldon et al. 2002; Williams et al. 2007) wherein uterine bacterial infections perturbed ovarian follicular growth and function. Those authors (Sheldon et al. 2002; Williams et al. 2007) found that genital tract microbial infections contributed to a slower growth of dominant follicles after 8-10 mm diameter and lower peripheral plasma oestradiol concentrations. In a subsequent study, Williams et al. (2008) evaluated the effect of LPS challenge on bovine pituitary LH and FSH production (in vivo) or theca and granulosa cell androstenedione and oestradiol production (in vitro). They found that LPS challenge did not affect pituitary LH, FSH or theca cell androstenedione production. However, adding LPS to granulosa cells reduced oestradiol production in vitro. They suggested that rather than affecting pituitary FSH production or secretion, LPS reduces the ability of granulosa cells to respond to FSH or to aromatise androstenedione to oestradiol (Williams et al. 2008) .
Based on predicted slopes in the regression model (Table 5 ) in the present study, the interval from calving to formation of preovulatory-size follicle was largely influenced by uterine inflammatory status. More interestingly, IL10 and IL1B had the highest slopes with positive and negative biological effects, respectively. The positive biological effect and high predicted slope in the regression model of IL10 demonstrated how reduced uterine inflammation improved preovulatory-size follicle formation postpartum. Uterine inflammatory status did not affect the interval from calving to first spontaneous ovulation and ovulation rate in the present study, although cows with SCE had numerically greater interval to first ovulation, lower ovulation rate and lower conception rate. Similarly, Williams et al. (2007) showed that the interval from calving to ovulation and the fate of that first dominant follicle did not differ significantly between cows with high or low uterine pathogen contamination at Day 7 postpartum. In contrast, Sheldon et al. (2002) found that preovulatory-size follicles in cows with higher pathogen contamination are less likely to ovulate. Studies in sheep and cattle have identified reduced GnRH and LH secretion in animals challenged with LPS (Gilbert et al. 1990; Battaglia et al. 2000; Karsch et al. 2002) . It is worth noting that these effects are seen at concentrations of LPS that induce systemic illness in the animals treated. Therefore, these contradictory results call for further investigations to understand the mechanisms of how uterine contamination affects first ovulation in postpartum dairy cows with different levels of PMN, rather than using animal models subjected to LPS challenge.
It has been discussed that infiltration of neutrophils in the endometrium before and after ovulation has to be regarded as a physiological process (Butt et al. 1991; Cobb and Watson 1995) . In uterine lavage collected from cows 8 h after ovulation, the concentration of PMN was determined to be ,3% of all cells collected (Butt et al. 1991 ). An increased percentage of PMN in the endometrium of cows was also detected between Days 2 and 8 after ovulation (Kluciński et al. 1990a (Kluciński et al. , 1990b . This can be interpreted as a first cellular defence against pathogens expected to infiltrate the uterus at mating due to the open cervix during oestrus. Based on multiple regression results, expression of CXCL8 and IL10 were mainly related to interval to ovulation with positive and negative biological effects, respectively. It is likely that CXCL8 modulates the timely recruitment of neutrophils in the endometrium to increase maternal immunity, whereas, an increase in IL10 helps to avoid excessive immune activation by bacteria to support pregnancy. However, this notion needs to be validated.
In conclusion, feeding cows a diet supplemented with sunflower seed (high in linoleic acid) during the prepartum period reduced the interval from calving to preovulatory-size follicle formation and increased the proportion of cows ovulating within the first 5 weeks after calving without affecting postpartum uterine inflammatory status. Furthermore, the observed increases in the mRNA expression of inflammatory cytokines and their impacts on follicular development and reproductive performance supported using a threshold of 8% PMN in endometrial cytology (cytobrush technique) for diagnosis of SCE when dairy cows are examined at 25 days postpartum. Higher mRNA expression of TNF, IL1B and CXCL8 was associated with SCE and is likely to play a key role in the pathogenesis of the latter condition and contribute to delayed establishment of a preovulatory-size follicle. Moreover, IL10 apparently has a role to limit the pro-inflammatory response in the endometrium to improve follicular development and preovulatory-size follicle formation during the early postpartum period.
